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Measurement of the transverse phase space distribution of the beams is important to 
the understanding of the particle dynamics as well as to the beam transportation to 
experimental areas.  For low energy ion beams, it is common to employ the combination 
of a moving slit and a beam profile monitor, but such a mechanical apparatus is rather 
complicated thus expensive, moreover the edge scattering at the slit becomes troublesome 
as the beam energy increases.  We propose to measure the phase space distribution, 
( )', xxf  in ( )', xx  plane for example, by using the spatial projections of the beam ( )Ixp ,  
given as a function of the quadrupole excitation (or magnet current I) and employing the 
reconstruction techniques used in Computer Assisted Tomography (CAT).  This procedure 
makes no assumption on the phase space distribution such as a two dimensional Gaussian 
ellipse, unlike the conventional Q-scan method, and is very cost effective because it 
requires no extra apparatus other than a quadrupole magnet and a beam profile monitor.   
Figure 1 shows the presently used configuration of transport elements downstream 
of the first bending magnet (B1) at the exit of the CYRIC 930 cyclotron.  By using the 
first-order matrices for a drift space and a quadrupole magnet,  
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respectively, where peBkxdk ==  and ϕ , the transport matrix in ( )', xx  or ( )', yy  
plane can be expressed as 
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which, concerning the spatial projection, can be regarded as the combination of a rotation in 
the phase space by θ and a magnification by A.  In the present configuration, θ and A are 
related to the excitation current I of the QP5 quadrupole magnet as shown in Figure 2.   
Figure 3 shows the measured beam profile of a 40-MeV α beam for various 
excitation currents I.  They are projected onto x and then converted to ( )θ,up  by using 
the above relation, where θθ sin'cos xxu += .  According to the Filtered Back-Projection 
(FBP) method, which is a commonly used technique in the tomography, the phase space 
distribution ( )', xxf  is obtained by the following successive Fourier transformations:  
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The resulting distribution is displayed in Figure 4.  The overall distribution appears 
physically reasonable, but some spurious oscillatory structure is observed, presumably 













Figure 1.  Configuration of the transport elements downstream of the first dipole magnet at the exit of the 






Figure 2.  Phase space rotation angle θ
and the magnification factor A as a 
function of the excitation current I of the 
QP5 quadrupole magnet.  The drift 













Figure 4.  Resulting phase space 
distribution obtained by the FBP 
method. 
 
 
